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were continued on a periodic basis, with serolog-
ical and physical examinations. After 2–6 months,
a signiﬁcant decrease in ELISA IgG ⁄ IgM, and
VIDAS IgM titres was observed (data not shown).
No complications other than a transient mild
hypogonatrophic hypogonadism [12] in 14 stu-
dents has so far been noted.
There is a requirement for more inclusive and
accurate population-based data concerning the
incidence of toxoplasmosis and the number of
cases with respect to different transmission
modes. The development of assays that would
facilitate tracing the source of individual infec-
tions, e.g., soil, drinking water, food or cats,
would assist in determining the best approaches
for interventions [13].
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ABSTRACT
A cluster of cases of Candida albicans candidae-
mia in a surgical intensive care unit was
investigated. The probability of such a cluster
during a single month was highly signiﬁcant
compared with the frequency of candidaemia in
the previous year. A molecular typing method,
based on length analysis of three (EF3, CDC3,
HIS3) microsatellite-containing regions, was
used to investigate isolates from patients in
and outside the ward. This demonstrated the
involvement of different strains, indicating the
absence of cross-transmission among patients.
Results of microsatellite typing can be obtained
almost in real-time, which is particularly useful
in an outbreak context.
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Invasive Candida infections have emerged as
major nosocomial infections since the 1980s.
These infections mainly have an endogenous
source, either digestive or cutaneous. However,
commensalism, followed by colonisation, which
usually precedes dissemination, may have a
nosocomial origin [1]. Nosocomial acquisition is
also suspected when clusters of cases are ob-
served. It is then important to investigate the
origin of the contamination to establish prevent-
ive measures. The molecular identity of the
isolates is a key feature in this process.
The present study involved three cases of
Candida albicans candidaemia that occurred sim-
ultaneously in a surgical intensive care unit (ICU),
from which the respective isolates were charac-
terised using microsatellite markers. The study
was conducted in an eight-bed surgical ICU.
During 2003, 266 patients were admitted to this
unit, of whom six developed candidaemia caused
by C. albicans (n = 5) and Candida kefyr (n = 1).
During January 2004, a further three patients
developed C. albicans candidaemia.
Patient 1 was a male aged 46 years with a
recent history of lung surgery for cancer. He
experienced immediate complications with an
Haemophilus inﬂuenzae pneumonia requiring
multiple antibiotics and intravascular catheters.
Fifteen days later, a blood culture was positive for
C. albicans. The patient was treated with ﬂucon-
azole, but relapsed 8 days later. Fluconazole was
replaced by voriconazole. Following a rapid
recovery, the patient was discharged after a
49-day stay.
Patient 2 was a male aged 55 years who had
undergone a pneumonectomy for squamous cell
carcinoma and was admitted to the ICU because
of post-surgical respiratory failure. He developed
acute ischaemia of his left hand and foot,
requiring surgical debridement. This was imme-
diately complicated by septic shock, which was
treated with vancomycin, amikacin and ceftazi-
dime. The following day, a blood culture was
positive for C. albicans and Escherichia coli. Treat-
ment with ﬂuconazole was added, but was
replaced by voriconazole because of incomplete
resolution of fever. A week later, superinfection
with Pseudomonas aeruginosa and Staphylococcus
aureus eventually resulted in death on day 28
following admission.
Patient 3 was a male aged 71 years who had
undergone a partial hepatectomy for metastasis
and who had previously received six courses of
cytotoxic chemotherapy. A post-surgical E. coli
pneumonia associated with sepsis failed to
respond to gentamicin plus cefotaxime, then
amikacin plus ceftazidime. Fourteen days after
the initiation of antibiotic therapy, a blood culture
was positive for C. albicans. Treatment with
ﬂuconazole failed to improve the patient’s condi-
tion and the patient died from multiple organ
failure a few days later.
The probability of a cluster of three patients
with C. albicans candidaemia in the same month,
compared with the incidence of ﬁve cases in the
same ward during the previous year, was < 0.01
by Poisson statistical analysis. A case-control
study was not initiated because of the low
number of cases and beds in the ICU. None of
the environmental samples (n = 15) from various
surfaces (respirator ventilator, vascular lines,
sink, bedside table, nurses’ bench, stethoscope)
were positive for C. albicans. Twelve isolates
collected from patients in the ward, and two
collected from infected patients in other wards of
the same hospital at the same time, were geno-
typed (Table 1). Microsatellite length polymorph-
Table 1. Genotypes of 14 Candida albicans isolates collected
from infected (1–3) or colonised (4–6) patients in the
intensive care unit and infected patients on other wards
(7–8)
Patient Site of isolation
Allele sizes (bp)
GenotypeEF3 CDC3 HIS3
1 Blood culture 123–131 131–131 186–186 D
2 Blood culture 123–131 132–132 190–190 B
Protected distal
bronchial aspiration
123–131 132–132 166–190 C
3 Blood culture 131–131 127–136 166–227 A
Anal swab A
Tracheal aspirate 1 A
Tracheal aspirate 2 A
4 Tracheal aspirate 123–135 137–146 158–158 E
5 Rectal swab 123–131 132–132 166–194 F
6 Tracheal aspirate 1 119–123 131–138 154–162 G
Tracheal aspirate 2 G
Rectal swab 123–131 127–136 166–206 H
7 Peritoneal ﬂuid 123–135 137–145 154–170 I
8 Blood culture 123–131 127–136 166–166 J
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ism analysis was performed as described previ-
ously [2]. This method has been shown to be
stable, reproducible and discriminatory (discrim-
inatory power of 97%). Three microsatellite-con-
taining loci (EF3, CDC3 and HIS3) were ampliﬁed
by PCR with ﬂuoro-labelled primers. Amplicons
were run on an ABI 3700 automated sequencer
(Applied Biosystems, Foster City, CA, USA). A
reference strain (SC 5314) was included as a
control in each run.
The genotype distribution showed that none of
the patients appeared to be infected or colonised
with the same strain, which suggests strongly that
no cross-transmission had occurred among these
patients. However, this possibility could not be
eliminated completely, since only one isolate per
body site was tested. Previous studies, also testing
a single isolate per site, have demonstrated that
colonisation is monoclonal when isolates from
different sites are tested at a given time [3,4], and
persistent invasive infection is always considered
to be monoclonal [5]. Two of the patients in the
present study harboured distinct isolates at dif-
ferent sites. Use of other molecular typing meth-
ods has demonstrated strain replacement during
C. albicans colonisation, as well as infection caused
by a strain not isolated previously from the
patient [4].
Ward staff were reminded about preventive
measures (e.g., hand washing, catheter manipu-
lation, disinfection of materials), but therapeutic
protocols were not modiﬁed, and only two cases
of candidaemia (one with C. albicans and one with
Candida parapsilosis) were diagnosed during the
following 8 months.
Genotyping can address several key questions
associated with fungal infections, including the
demonstration of a source of infection and cross-
contamination with nosocomial pathogens. In the
case of a suspected outbreak, a prompt response
is required in order to take appropriate counter-
measures. The methods used most frequently for
genotyping C. albicans have included analysis of
randomly ampliﬁed polymorphic DNA (RAPD)
and analysis of restriction fragment length poly-
morphism (RFLP) by Southern blot or pulsed-
ﬁeld gel electrophoresis [5]. Microsatellite length
polymorphism analysis has been applied success-
fully to various fungi, including C. albicans [2],
Aspergillus fumigatus [6] and Saccharomyces cere-
visiae [7]. As the amplicons from each of the loci of
a single isolate are pooled, a complete genotype
can be obtained in a single run. Thus it is possible
to obtain complete results within 1 week, which is
useful in an outbreak situation. The ease of
application should lead to a wider use of this
technique to investigate small, but signiﬁcant,
clusters of cases, which should increase know-
ledge concerning nosocomial Candida transmis-
sion.
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